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ASTOR, LENOX AND 
TILDEN FOUNDATIONS. 
J 1902. , 

To THE Inspectors :— Tblg is prepared In h con<iwfl«LAiEBL4AUlBdtf^lUlLJLjBU ^ 
jammed into the back of Route Book. I had hoped to complete for circulation, along with the 
enclosed, some fairly complete notes on pumps, on friction loss in iron pipes, on the laying out 
of hydrant systems, etc.; but although agreatdealof assistance in the work of computing 
and checking the enclosed tables has been given by Mr. Ban* and Mr. Bnitolph of thi& office, yet 
the laying out of the work and computatiou of the results of the experiments on hose and 
nozzles has occupied all spare time and most of my evenings for the past six months, and as the 
season of active field work has now arrived, the completion of further notes will have to be deferred 
until another winter. 



FIRE-STREAM TABLES 

FOR USE OF 

THE INSPECTORS OF THE ASSOCIATED FACTORY MUTUAL 

INSURANCE COMPANIES. 



Prepared by John R. Freeman, Hydraulic Engineer, 

March, 1889. 



The tables relating to fire streams in the various pump-makers* cata- 
logues and various trade handbooks are all copied from the book called 
" Tables of Work Done by and Power Required for Fire Streams," by 
George A. Ellis. This book was based upon experiments made about 
eleven years ago by Mr. Ellis, at that time City Engineer of Springfield, 
Mass., assisted by Mr. A. P. Leshure, Chief of the Springfield Fire 
Department. I found that these tables gave unreasonable results when 
applied to the determination of the quantity a pump would deliver ; 
and on looking into the matter furthev they, were, fojj;i4 tp disagree with 
experiments made some yeir6*^nce*ljy,jJlr. ¥/. 5. Wf^^fii, Assistant City 
Engineer of Providence. ^fieVelore, fowarfl tlie* cloStf df last season, I 
made quite a full series of exp^jarJeniJ.^ >vjth J>i'e(!autions to secure the 
highest degree of accuracy practicabfej jn 'oudfei' .that we might have a 
sure foundation on which to JbasfeJ fe$tjftiat^. I 'Tb.esffe experiments con- 
clusively proved that tlie d|^«^l^«rj^c/ ^^s^^tiutW ^in Ellis's Tables, 
and tbeir munerous copies in trade catalogues) is fk'om 15 to 90 
per cent* . in error* 



As the writer had the pleasure of exhibiting the apparatus and 
methods of the ex|>eriments to his fellow-inspectors and others on Oct. 
13, 1888, at the Washington Mills, Lawrence, Mass., but little descrip- 
tion is now needed. It may be mentioned, however, that a complete 
description will probably be published in the transactions of the Ameri- 
can Society of Civil Engineers, or of the New England Water-Works 
Association, at an early day. 

The following tables are based on these experiments, and I present 
them with entire confidence in their accuracy ; but would remark that a 
table might be accurate for one kind of hose or nozzle and not give accu- 
rate results for hose or nozzles of different degrees of smoothness of 
finish. To remove such uncertainty, so far as nozzles were concerned, I 
experimented, in all, on about forty different nozzles, of various sizes, 
forms, and conditions of smoothness, and found that any ordinary 
difference of form or llnisli of nozzle or play-pipe vrill not lead 
to error of any practical importance in use of tables, so lon§f as 
size and kind C^^ii^ or smootli.) is as §^ven. To determine how 
much the difference in smoothness of different kinds of hose or slight 
difference in its size would affect results, experiments were made on four- 
teen samples intended to represent the various kinds common in prac- 
tical use. In eaclft table T-alnes are given for tbree different kinds 
of bose, and as the two varieties of rubber hose are respectively the 
roughest and the smoothest, or the best and the poorest in con- 
ducting power, usually met in practice, for otber §prades of bose 
interuiediate values can be interpolated betiveen tbose §^ven 
in tbe table, so there need be no errors of serious practical 
importance. 

A word as to caution necessary when applying pressure gauges 
directly to the sprinkler system or inside of a check valve on mains. 
I was once puzzled for a while by finding pressure on a pipe system to 
be about 125 lbs., while the reservoir set at such a level as to call for 
only 100 lbs. at most. The explanation was simple : The extra pressure 
was due to water-ram caught and held by a check valve, acting like a 
ratchet and pawl. Partly opening the drain valve, of course quickly 
remedied the difficulty. 



NOTES 3LES A, No. 1 to A, No. 9. 



Tbis is tl&e most complete of the tables relating; to flre 
streamsy tmt is not in quite sncli. convenient form for regular 
use in pnmp inspections as Table B, and does not siio^vr np 
tlie effect of a long line of bose or effect of inferior quality in 
re'ducing pressure so plainly as Table C. 

This Table A is based throughout on accurate experiments, made 
under conditions similar to those of practical use. Nozzles of various 
sizes and styles were tested at pressures, at base of play-pipe, all the 
way from 5 lbs. to 105 lbs. This pressure at base of play-pipe was 
measured by an open mercury column, and was measured with certainty 
to a tenth of a pound, and the quantity discharged was measured in a 
tight rectangular tank. A careful study of all the experiments indicates 
that the number of gallons per minute discharged, given by Table A, 
as corresponding to a given indicated pressure at base of play-pipe, are 
correct within one-half of one per cent, for nozzles of almost any good, 
ordinary smooth form or finish. To measure the pressure very accu- 
rately at base of play-pipe, or within a line of hose, requires a special 
coupling, finished with much care, and with the small orifice leading to 
gauge exactly square and flush with inside surface ; otherwise the accu- 
racy of the gauge reading may suffer. Thus, for instance, if it were at- 
tempted to measure the pressure within a line of hose through which 
water enough for a good fire stream was flowing, by a piece of J^ inch gas 
pipe, tapped into coupling and projecting ^ inch inside, the pressure 
indicated might be as much as one or two pounds in error. Yet, for 
many purposes, this would be near enough. 

Any special coupling for connecting gauge directly to hose or play- 
pipe itself is inconvenient to carry or to apply, and is especially incon- 
venient by reason of the ur0nei^na^l^^<|^vef5jt)rof "iiCfsesscrew threads 
in different places. Wlieivtli»8iing^«i1&ydrstn<)«s<ytft4]A|fc>^d measur- 
ing tbe number of gallons p^.miavjuteutbat.a^pump can tliro^v, 
the general experience is that €ftc^ i^l^ ^coft^^enient place for an 
inspector to measure tbe pjres^ure Is at ttlke liydrant, as sboM^n 
in Table B. Nevertheless, flie ^^fiii^se ^/ l^aie'^f play-pipe is what 
throws the stream, and is thti'teadjng tUnionJt in* the study of fire 
streams; therefore this pressure at base oi p\2L^-^\^e.\^\ft.'aA^^^\sr^v5» 
of TsiNe A. 
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It will be noticed that I have called it indicated pressure ; mean- 
ing by this that it was the pressure which a gauge attached to a 23^-inch 
coupling would indicate while stream was flowing. Most other authors 
base their tables on the static pressure, or the indicated pressure plus 
an allowance for velocity through the coupling ; thus, for instance, my 
50 pounds indicated pressure with the ij^-inch smooth nozzle corre- 
sponds to Ellis's or Weston's 51^ pounds effective pressure. I adopted 
the indicated pressure as a basis for the tables because of the greater 
practical convenience in its measurement. 

For cases In testinj^ pmooips -vrliere play-pipe is attaclied 
directly to hydrant ivitliout liose, dischargee may be taken 
directly from Table A. 

HEIGHT AND DISTANCE REACHED BY JETS- 

Tables heretofore published have given, as tlie lieig^lit of a jet 
corresponding to a given pressure, tlie extreme liei|$lit to ivUch 
the hig^hest drops of iwater "vrould rise in still air» and pumps 
have often been sold with representations based on such misleading 
data as to the height they would throw. Such data is almost worth- 
less in considering fire protection, for the obvious reasons : first, 
that the water cannot be thrown in a direct vertical upon a building 
in flames; second, that, even if it could, the few scattering drops 
which would reach this height would be of no avail whatever in ex- 
tinguishing the fire ; third, that air still enough to permit these extreme 
drops to attain this height is not found more than one day in ten, and ^ 
almost never during a fire. (Most of us have no idea how much influ- 
ence the wind hfts upon the height that a jet of water can attain. While 
engaged on other work near at hand, I watched daily for almost six 
weeks to find a few hours when the air was still enough for accurate 
experiments, to determine the values for the second column of my table. 
Six or eight times I thought air was still enough, but, on getting experi- 
ments under way, would find that up at the top there was too much 
wind. I found that a merely moderate summer afternoon breeze would 
cut down height of extreme drops 10 or 15 per cent. Finally, there 
were found three brief periods when air was still. ) 

TherefortfvE;|;avc''itJucJi a^ejjtjpnji); getting, for the different pres- 
sures, the exti^erti^ IXeigiTt iX wht2h'.'fetr««ra%vflas solid and forcible enough 
to constitute a goo4«^r« sfcrfta^ij ;It*;was hard to define this exactly 
within say 5 feet, and siy jli6t*^2Mcaltl5^ where the stream ceased to be 
" good ; " but I tri^d ^i\ un<5er jpagy^different circumstances, and present 
the results as base'^d"oCwniy'^l)e?stJ JtKJgnetit. Some men would undoubt- 
edly set the limit at l[0''f>er*'cent.*'*^Righer, but I took the effect of a 
moderate wind into account. 



Jm deAniaiif; tlie limit of a good effeeti-re Are stream for a 

given pressure, I have classed as ^od a stream which, at limit named, 
would enter through a window and barely strike ceiling with force to 
spatter well, and which at limit named had not lost continuity of 
stream by dividing into a shower of spray, and which at this limit ap- 
peared to shoot fij of the whole body of water inside a 15-inch circle, 
and % of it within a lo-inch circle, nearly as I could judge by the 
eye. 

IVitlfc regard to tlie distance reached by Jets, the same gene- 
eral remarks just given will also apply. The distance attained by the 
extreme drops measured as at a firemen's muster is misleading as 
practical information for fire protection ; but that is the way the values 
in the ordinary tables are derived. A very faint breeze will increase 
or decrease the distance reached by the extreme drops by 10 per cent. 

Tlie colmnns of liydrant pressure -vrlkicli make up tlie main 
body of Table A are derived by adding to the nozzle or play-pipe 
pressure the friction loss in the hose, and also a smaller addition for 
the friction loss in the hydrant head ; thus obtaining the hydrant pres- 
sure, measured as an inspector would ordinarily measure it. 

This friction loss in hydrant was based upon experiments with a 
Chapman 4-way independent gate hydrant, but within the limits of 
practical use would probably not be more than a pound different for 
any other first-class hydrant. 

Tbe bose ftriction varies greatly in different Icinds of bose, 
according to smootbness of inside sorfkce or waterway. In most 
2)^-inch linen hose, although the bore of coupling is 2J^, the inside 
diameter of the hose under pressure is actually 2^ inches, and table 
is therefore based on that size. The same is true for the best rubber- 
lined hose, while for the inferior rubber-lined the diameter of the hose 
is commonly 2}^ inches, and therefore was so taken in computing the 
table. As to the effect of slight changes in diameter of hose on friction 
loss, see Table C. 

Photographs of plaster casts of the interior of three samples of the 
hose experimented upon are reproduced here ; so that, if one wishes to do 
any very exact figuring, he can see the characteristics of surface to which 
the figures for the three grades mentioned in table apply with exactness. 

Salesmen of inferior grades of hose often state with great positive- 
ness (and equal disregard of fact and reason) that *' roughness of surface 
makes no practical difference in flow," that " the water lies dead in the 
little hollows between the ridges and merely furnishes a cushion on 
which the main stream slides along," etc. Such notions were conclu- i 
sively upset by the experiments of the eminent FrewcK ^v»l^\v^'^\. ^^-w.^^ 
over thirty years ago ; and again proved wwXxwe Xyj \>cvfc t^^^xvasRxv\&'ss*s:^' 
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For the ordinary run of leather hose the values in column 
headed "Inferior Rubber-Lined" will apply fairly well. For solid 
mblMr hose the columns headed "Ordinary Best Quality Rubber- 
Lined Hose" will apply. These -values all li&cliide allovrance 
for the hose beinK laid as for ordinary use in rather crooked 
lines, and also include allonrance for its stretch or elongation 
nnder pressure. 

An interesting feature of Table A is to take for instance Table A, 
No. 4, for I J^-inch smooth nozzle, follow across the page on the 40 lb. 
nozzle-pressure line. ^^ 

JLess than a 1 1-8-inch smooth-nozzle stream -vrtth M^ lbs. 
pressure at base of play-pipe, discharging about 940 gallons 
per minute, cannot be called a thoroughly flrst-class lire stream 
for a factory lire, although smaller and less powerful streams will 
answer well for fires in dwelling-houses, etc. 

It will be seen from table (A, No. 4) that this smooth i J^-inch, 40 lb. 
stream will be a good effective stream up to the roof of a five-story mill. 
A hydrant pressure of 58 lbs. will give such a stream, if a line of linen 
hose only 50 feet long be used, as in the common run of pump tests. 
Now see what hydrant pressure would be needed if a line of linen hose 
of a not uncommon length for actual fire service, viz., 300 feet, were 
used. We see it would take a pressure at hydrant of 131 lbs. (and prob- 
ably at least 140 or 150 lbs. at the fire pump, if pipes were of very 
ordinary size and crookedness). Similar results may be deduced by the 
tables for other sizes of nozzle, etc. ; all of which show the great effect 
that length of hose has in reducing efficiency of a fire stream, and show 
that if a mill manager or fireman expects to get a streani on to 
an actual fire through 900 to 500 feet of inferior hose, irhich 
urill bear any resemblance to the stream he can get on dress 
parade through 50 feet of the same hose, he is liable some day 
to get sadly left. 

In a thoroughly -well designed mill hydrant system it 
should be possible to concentrate fbll available delivery of 
pumps on any particular building of importance, by use of lines 
of hose not over 250 feet in length. 
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Hydrant Pressure Required — Dlscharg 
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Rtcuuer) while itreun la flowinE. to mBlntaIn preuore tX btiM o( play-pipe, u per 
-aiioDi Igugtbs and tdcda of 2i%-lDah Hose, aa beltnr. 



gnmXti Uiut ijdnttit preunre by an uucnmt equal Co ihctlon l«a boiweea 
EjdnmtJiead ami pamp or reservoir. 



I>4-INCH SMOOTH 
Hydrant Pressure Required — Dischai^ 



Heieht and Distance of Jet. (j.r.f.....,.i»»,) 






.KE NOTICE. — The Bbove Ispreiaiire at Hydrant head while stream it fioaiHo. 

The correspondlne Static ReBerroir I'Tesanre, at Ffre-putnp PresBQrB, must be 

sreBter thui hfdraDt pressure b; on amot ' 

EjdiBDtJiead and pamp or reservoir. 
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I8/&-INCH SMOOTH 

Hydrant Pressure Required — Dischar^ 
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:OTICE. — The ■borp lapreniirs at hydrant bead tehUt (freom i» fimeina, 

1 correapondlnK Static KeeetTOlr FrSMnre, or Fire-pump Fremore, nrnat be 
■ter than hyi&ant preaanre by an amount equal to frIeUon loaa betWMB 
IrantJiead and pump m «eaerTolr. 
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RING NOZZLES. 

We find so many ring nozzles in use that it was thought best to prepare tables giving 

<>' their discharge. The advocates of this style of nozzle stand up for its alleged merits 

- SUmtly) and therefore I tried some experiments intended to settle the question. Ring 

' noBsles were prepared of such size as to discharge just the same number of gallons per 

■ Vunnte as certain smooth nozzlesi and the two, ring and smooth, then tested side by 

^de. One set of these experiments is illustrated in the cut opposite. Another series of 

e^QMHriments was tried at another place, with jets more nearly horizontal. Both series 

of experiments were made with the greatest care, and at times when there was almost 

fa •bsolutely no wind; and were afterward repeated in the presence of the Corps of 

^ Inspectors. 

^ Tliese experiments all shonved conclasively that the ring nozxle 
€oes Mot possess the slightest adva n tage over the sntooth nozzle. 
The smooth nozzle proved slightly superior : its stream was more solid, and reached a 
little farther ; this difference was very small, however. 
^ Other experiments proved that a ring nozzle discharges only three 

quarters as much water per n&inute as a sntooth nozzle of the 
same sise. The sharp corner of the ring contracts the stream, and if any one will 
measure (Hameter of stream close to nozzle with a pair of common machinist's callipers^ 
he will find it aboat % inch smaller than the hole from which it issues. 

The only use of the rins nozzle is to make a show of playing a 
larger stream than is the faet. The apparent advantage of the ring nozzle, 
"which has misled many firemen, is easily explained. The result is the same as 
if a snsaller nozzle were used, while hydrant pressure remained the same. 
The ntimber of gallons per minute flowing being less, the pressure lost by friction 
through hose is less ; therefore pressure at base of play-pipe remains greater, therefore 
stream goes higher. 

For % inch and z inch Ring Nozzles, the disharge is almost exactly the same as 
for smooth nozzles ^ inch smaller ; therefore no special tables for these two sizes of 
ring iKttzles are given. For T-S ineh Ring Xozzle use table for 8-4 inch 
Smooth N'oBzle, and for 1 inch Ring XTozzle use taMe for T-S inch 
ftaMHith IVozzle. 
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Hydrant Pressure Required — Discharge 



»OTE.— Tha aboyo flgarea tor Ring Noizlo Dijcharges trill apply to anj onKnuj lOrm 
of Ring accurately enoogli for practical purposei, but apply eipwrtally to onllnan 
form of Ring NmiIb wlih square shonlder A or 1 inch deep. 

BlliK NmilBB with "undercut" or " knlfe-edfie^' shoulder, discharge, a» onllnaillj 
EiHutnicted, about threa per cent. lM> than quantity glren above. 
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groBler than hTf^ant pmsore hj an amoniit equal to frtoHoit loH betwMD 
bjrditmt-kaad and pnmp or rcnmlr. 



1S/8-INCH RIN 
Hydrant Pressure Required — DIschar 



. len tbHD qnantLby ^ven above. 



lOZZLE. Table A.-No,9 



RHeight and Distance of Jet. 






AKE NOTICE. — The abow Is pressure nt hydnml head uhUa mlnatn U jlotcintf . 
The correspondlTig Static Reservoir I'ressnre, or Fire-pump rreSBore, mnat be 
grenMr thiui h^dtanC preesnie by as unonDt eqnal to friotlon lou betiTMii 
hjdi»ot-he»(J uid pnmp or reservoir. 
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PUMP INSPECTION TABLES. 

Tables B No. 1 and JB No. 3 are tlie tables designed for 
regular use in testing a pump to see if it nirill tturoinr its rated 
capacity. Somewhat greater accuracy can be obtained with B No. I, 
using only 50 ft. of hose, than with greater lengths of hose. 

The << Open Butt '* table, though not giving the same degree of 
accuracy as the nozzle table, is of frequent use where there are not 
conveniences available for testing the whole number of separate fire- 
streams that a pump can throw, and is also of use in determining 
the reduction of pressure on sprinklers ffom a reservoir or city supply 
brought through a long pipe, which occurs when the equivalent of say 
four, six, or ten 240-gallon streams is drawn from the pipes. 

It is preferable to use a 1 1-8 ineb smooth nozzle in tests ef 
pumps^ as this is none too large for furnishing a practical and effective 
stream. If none are available, it is well to smoothly bore out some of 
the smaller nozzles (especially ring nozzles) to this size, before making 
a test, and then urge that some Standard Nozzles be procured by the 
next express. Tbe use of small nozzles in a test is almost certain 
to give a mill superintendent an entirely erroneous idea of tbe 
efficiency of his apparatus. 

Mill superintendents often object to wetting so much hose as is re- 
quired for testing the full capacity of their pumps. 

Linen hose is undoubtedly injured each time it is wet, but it is 
stated by the leading manufacturers of rubber-lined hose that rubber- 
lined cotton hose is improved rather than injured by having it 
stream of vrater run through it occasionally if it be well dried 
and aired afterward. It is said this tends to wash out any excess of 
sulphur and tends to prevent the lining of the hose from sticking to- 
gether, and it is said that in many fire departments the rubber in hose 
which is used occasionally, retains its strength and pliability longer 
than spare hose which is not used. 

For other reasons rubber-lined cotton-hose is better adapted for use 
on yard hydrants than linen. However, it can ordinarily be arranged 
to test one pump at a time, and it is very rare that a fire pump will be 
found which can throw more than four good i^ inch streams. There 
is no such good way of finding out the condition of a piunp as 
by seeing hoiv many good streams it can thro-w. 

Testing pumps in this manner has the further advantage that the 
men in charge learn the capacity of their pumps, and are more likely to 
in case of fire, avoid the Arequent and often fktal error ot attaeh* 
ing n&ore lines of hose than the pump can possibly •upply, thma 
crippling all the streams. 
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Ib testing pumps It is generAlIy -vrorse tlum useless to run 
the -virater pressure up above 1SI5 lbs. «t tbe bigbesty and ordi- 
uariljr lOO lbs« sbould not be exceeded. To test the capacity of a 
pump does not mean to find what is the utmost height to which pressure 
can be raised. Tbe true test for capaeity is t Ho-w many good 
practical lire strean&s ifirill tbe pump tbroiv 1 

Horse Power Required for Rotary Pumps. 

The theoretical amount of power necessary to give a pressure of 
ICO lbs. per square inch, with a delivery of lOO gallons per minute, is 
5.84 H. P. This includes no allowance whatever for friction of water, 
or of the pump itself, or for slip. Practical experience shows these to 
about double the power necessary, and for a rotary pump of the best 
make in good order 19 borse poorer for eacb lOO gallons per 
minute at a flrst-class flre pressure, is not too mucb to allo^v, or 
say at least 30 borse-poiver for eacb good 1 1-8 incb stream. 

PLAY-PIPES AND NOZZLES. 

Most members of the corps of inspectors will, I think, agree with 
me in the statement, that half the play-pipes and nozzles found at the 
average mill ought to be sent to the scrap-heap. Often a lack of appre- 
ciation of the real needs, or sometimes a pinching false economy, will 
throw away ten per cent, of the efficiency of a two-thousand dollar 
pump and hydrant system, in order to save two or three dollars apiece 
on the few play-pipes needed. 

A play-pipe tbat is battered and bruised, or rougb on tbe 
inside, due to drops of solder, or sharp projecting corners, can not 
tbrwiv a goody clean, far-reacbing stream. Neither can the cheap, 
cast brass play-pipes, which, though nicely polished on the outside, 
are left as rough on the inside as when they came from the brass 
foundry, excepting only an inch or two at the tip. 

For tbe best effieiencyy tbe inside of a play-pipe and nozzle 
must be smootb as a gun barrel. 

Sivivel Handles attacbed to tbe base of a play-pipe are ab- 
solutely essential to a good play-pipe for mill lire protection. 
A play-pipe for use on hose from yard hydrants ought never to be 
without handles, aCnd, in my opinion, they are to be always recommended 
for all 2-inch or 23^-inch hose on the inside stand-pipes. 

Tbe abort cast brass play-pipes 13 incbes or 18 incbes, or 
even 90 Incbes long, without handles, which are occasionally found 
attached to 2^-inch hose even for yard hydrant use, are airkivard to 
«••> and liable to lead to accident, and are unwortby a place In tbe 
eqnfpntMKt of any g<»od mill. 

There is a heavy recoil from the powerful streams needed for TaaUl 
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fires. The average mill-fireman gets much less practice in holding thes 
stiff streams than a professional fireman. No professional 'firema 
would tolerate play-pipes without handles ; mill firemen need them sti 
more. Such handles make it much easier to hold the pipe, to take 
up a ladder, or to shift its location on the ground. Absence of handl< 
frequently allows play-pipe to get away from the pipe-man. Ch 
member of our corps has seen a man's arm broken, another has so 
a man's leg broken, and another inspector has seen a man's scalp peeh 
open by the thrashing around of a play-pipe which had pulled itsc 
away from the hose-man. 

Drawings for a Standard Mill Play-Pipe and nozzle* ha 
been prepared by the writer, and copies placed in the hands of all tl 
leading manufacturers of such apparatus. There is no patent on ai 
part of it, and there is nothing specially novel about it : it is merelj 
combination of elements which experiment and actual service show 
give the best results. A nozzle of this form was found to give a bett 
stream than any form of fancy nozzle tested. The nozzle is sho^^ii 
figure at top of page 23. The throat of pipe is larger than commc 
being i^-inch diameter ; the nozzle is a true taper, with comer at ei 
of taper rounded off on an easy curve ; straight part at end of taper 
short ; washer at base of nozzle is placed outside, to avoid the freque 
projection of a ragged comer into waterway ; a lip covers washer 
prevent it jbeing blown out ; the body of pipe is wound with cord 
give a better grip and make it feel less like holding a big icicle in freezi 
weather. 

Play-pipes for mill equipment had best be of brass throughoi 
Rubber or fabric play-pipes, though excellent for city department u 
are liable to go to pieces in five or ten years, by rotting of the rubbe 

♦ Called in some cases the ** Underwriter Pipe," or the ** Factory Mutual' P] 
pipe." Net cost, about $7.50 each. Can be procured from Boston Woven Hose ( 
234 Devonshire St., Boston ; Eureka Fire Hose Co., 13 Barclay St., New York; A 
Morse & Son, 140 Congress St., Boston, and Allen Fire Department Supply Coropa 
Providence, R. I. 

BEST SIZE FOR NOZZLES. 

This varies somewhat with the possible magnitude of the fire a 
the quantity of water available at good pressure ; moreover with v( 
long lines of hose smaller nozzles have to be used. 

In general, the i^-inch smooth nozzle is the size best adapted for 1 
equipment of the ordinary mill, and, in connection with yard hydrar 
nothing smaller than this should ordinarily be used, except for v( 
small mills, or where pump capacity is small. 
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For large mills it is well to have half of the nozzles of i^-inch 

diameter. 

The general tendency of the experience of the past 15 years is 

toward larger nozzles. 

Tl&e stream firom a small nozzle tliro-vm on a large lire is 
•OBverted into steam -vritl&ont ever reaelUng the seat of the ilre $ 

while from a larger nozzle, though the same amount as before be evap- 
orated, enough water may be left to pass through the flames to the coals 
tiiemselves, thus extinguishing the fire. Thus, on a large fire the 
same quantity of water will do far more work if concentrated in one 
good i^-inch stream than it will in the form of two J^-inch streams. 

The writer had an excellent chance to study this as an eye-witness 
at the partial burning of a large mill in 1886, and was most thoroughly 
convinced of the superiority of the large nozzle. 



A steam fire-pump in good order will generally throw 85 to 95 per 
cent, of plunger displacement. The loss of action with steam fire-pumps 
is mainly due to "short stroke." The capacity of City Steam Fire- 
engines is often greatly over-rated. A No. i Holyoke Rotary Fire-pump 
will in general throw as much water as three City Steam Fire-engines. 



PUMP INSPEC 

= Discharge of Nozzles aj 



id la United Btatea gallouB ot 231 cubic isclw 



Feet of 2H-lnch Hose. 



ig KContel; enough lor pmcllcol purpoMS, but Kpply **■ 
. ^ ot Bliig Koiile wltb tqure ■hoolder A o' 1 'ncli deep. 
izilet vIEh "under-cut" or "knlfe-edKe" ahoolder, dlKbuge, M ordiuuDj 
utrnotvd. about 3 per csnt. le« thsu qnutltj glren abaie. 




PUMP INSPl 

Discharge of Nozzlet 



e itated In United Slate* galloiig of S31 cnUo li 



lOO Feet of 2>:S-inch Hose. "'""' "'" 



TB.—'Dm aboTQ apiTei lor TUng Koale DlaohargM will mppl; to any ordinary fomi 
of King accnntelT enough lot pnusHcal pORMMoa, bat apply opeclally to onlLDaij 
form of Ring Nozzle witli tqnara thoulder A or i Inch deep. 

g Xozzl« Hltli -ander-cat" or « knlfe^dge^' ■honlder, dlmhatga, u oidlnarilf 
conatmcted. about 8 per oaut kw than qnaoUty glTen above. 



(If Gauge Is not connected in this manner, proper allowanceN 
must be made for lou of pressure between Gauge and Hydrant./ 




PUMP INSPECTl 

_ The degree of accnracy attained in erti 
^^?^^ of the two preceding tables — B, No. 



HYDRANT 


Quantity of Water Discharged per minute through ordinary 2^.Vinch Fl 


PRESSURE 


(United States Gallons of 231 cubic inches.) Open Hose Butt. 1 


indicated 
while 


Length 25 feet. 


Length 50 feet. 


Length 100 f 


Stream is 


















flowing 




Inferior 


Ordinary 




Inferior 


Ordinary 




Inferior 


by Gauge 




Kubber- 


best 




Rubber- 


bettt 




Rubber- 


attacho«l to 


rnllned 


lined 


quality 

liiibber- 

lined 


I'Ulined 


lined 


quMllty 


Unlined 


lint-d 


Hydrant, 
as shown. 


Linen 


Cott<m 
" Mill 


Linen 


Cotton 
" Mill 


Rubber- 
lined 


Linen 


Cotttm 
" Mill 




Hose. 


Hose." 
Inside 


Hose. 
Inside 


Hose. 


Hose." 
Inside 


Hose. 
Inside 


Hose. 


Hose." 
Inside 


1 ha 


per sq. in. 




Rough. 


Smooth. 




Rough. 


Smooth. 




Rough. 


10 


231 


242 


297 


176 


188 


242 


132 


140 


16 


.283 


.297 


^363 


.•217 


^230 


u297 


C '^' 


171 


20 


I326 


|343 


I4I9 


1251 


S266 

9* 




1343 


1 186 


199 


25 


^365 


^383 


a 468 


«>28l 


&297 


^383 


&208 
= 228 


222 


30 . 


S400 


3420 


g 5H 


|307 


^326 


S420 


243 


35 


S432 


fe453 


|554 


^332 


p52 


1*53 


^246 


. 262 


40 


^462 


^484 


«593 


«355 


^376 


5'484 


;^264 


280 


46 


3490 


■2 514 


•2 630 


^377 


•^399 


^SH 


S 280 


297 




•0 


•3 


•3 


•3 'O 


■a 


•3 




60 


= 516 


1542 


= 664 


I398 


g420 


§542 


1294 


3^3 


65 
60 


•54. 
S56S 


•568 
|594 


*696 

to 

1726 


-434 


p440 
I460 


a 568 

|594 


*3o8 

|322 


328 
343 


65 


|S88 


.i6i8 

rs 


|7S6 


|452 


|48o 


I618 

■3 


|336 


358 


70 


i6io 


i(>4i 


5784 


i470 


i498 


3641 


f348 


^7^ , 


75 


S632 


5663 


^812 


^486 


S'515 


2663 


S360 


384 


80 


1652 


1685 


.... 


S502 


2532 


= 685 


I372 


397 i 


86 


^672 


J 706 


u 


Ik * * * * 


I518 I 548 


I706 


1383 


409 i 


90 


S692 


S727 


c • ■ • • 


§533 


§5^4 


§727 


§394 


421 


G5 


^712 


1747 




i547 


t579 


t747 


1.405 


432 


100 


2730 


«766 


m 

Wfl • • • • 


«56i 


°594 


5766 


5416 


443 


110 


766 


806 




588 


623 


806 


436 


465 


120 


800 


• • • • 


• • ■ • 


614 


651 


456 


486 



NOTE. — The above values are based on experiments with these kinds of Hose at 
to a Chapman 4-way Independent Gate Hydmnt (Coeff. Disch. by Expt. 0.71 
far as influence of kind of Hydrant upon discharge is concerned, the same 
are correct enough for practical purposes, except as noted in margin of coin 

It will be noted that this table gives, for each lengtli, the discharge through the 1 
smoothest hose, and gives, also, discharge for same length of Hose with roi 
water-way. By use of a little judgment in interpolating between these two ^ 
error, in ordinarj use of table need not exceed 10 pet cent. 



LES. — "Open Butts." t*.leb.-no.3. 

; through "Open Batt'* is, not nearly so great as may be attained by the methods 
— by reason of greater influence of form of Hydrant and differences in Hose. 



ilings of 2%-inch Bore, 
ozzle attached. 



DOfeet. 



3rdlnary 

best 

quality 

Rabber- 

lined 

Hose. 

Inside 
Smooth. 



140 
171 
199 
222 



262 
280 
297 



328 

343 
358 



371 

384 

397 
409 



421 

432 

443 
465 

486 



Length 400 feet. 



Inferior 
Rubber- 
lined 
Cotton 
"Mill 
Hose.*' 

Inside 
Rough. 



74 
90 

104 

116 



127 

137 
146 

155 



164 
172 
179 
186 



194 
201 
208 
215 



221 
227 
232 

243 

254 



Ordinary 

best 
quality 
Rubber- 
lined 
Hose. 

Inside 
Smooth. 



102 
125 
144 
161 



177 
190 
204 
217 



228 

239 
250 

260 



270 

279 
288 

297 



306 

314 
322 

338 

354 



Discharge through Open 

Butt of Hydrant, 
without Hose attached. 



HYDRANT 
PRESSURE 

liulk'atod 

while 
Stream Is 

flowing 

by Gauge 

attached to 

Hydrant, 

as shown. 

Lbs. 
per aq. in. 

10 
15 
20 
25 

30 
35 
40 
45 

50 
55 
60 
65 



70 
75 
80 
85 



90 

95 

100 

110 

120 



Discharge of 
One Nipple 
of Chapman 
i-Way Inde- 
pendent 
Gate Hydrant. 

Diameter of 

Outlet exactly 

8^ inches. 

Gals, per Hin. 



419 

513 

592 
663 



725 
783 
837 

888 



936 

982 

1026 

1067 



1 108 
1147 
1184 
1221 



1256 
1290 
1326 

• • • • 

• • • • 



NOTE. — Slight peculiarities of 
construction in different makes 
of Hydrants so affect discharge 
from open butts of Hydrants 
without Hose, that these figures 
apply only approximately to dis- 
charge of Hydrants in general. 

By using good Judgment In 
applying corrections as per notes 
below, results accurate to within 
10 per cent, may generally be 
obtained. 

(Style A.)— Ordinary Matthews 
(R. D. Wood & Co. '8) Hydrant 
without independent gates, in- 
side corner being rounded off, 
will probably discharge about 20 
per cent. more. 

(Style B.)— Ordinary Chapman 
Hydrants without Independent 
gates have square Inside cor- 
ners, and win probably discbarge 
about 10 per cent. more. 

For the ordinary Ludlow and 
Lowry Independent-Gate Hy- 
drants or Chucks, fi^iures In 
table are probably nearly cor- 
rect. 

If diameter of outlet Ih not ex- 
actly ikt inches, an additional 
correction, as follows, must be 
made • — 



Deduct. 



Diameter. 

26/8 


Add. 


10% 


2f\ 


5% 


2A 


• • • • 


2S/8 


• • • • 


21/4 


■ • • • 



r>% 

10% 
19% 



1 



ROTARY FIRE 



Fht illichftrgB of RoUry Flre-Pumra will generally be found to be much belov tba 1 
paoitT ■! trhlcb tbe; an tabled b; tbclr moken. The cataloKne capnoltf oft 
Inclnaet no alloHaiiM for >llp, lou of antlon, or leakage back thnmgli the en 

fteflreen (iebneietB and the case. Thi«alhlaVpre»iiMa\*T«^^ ' 

j« new and flnt-clsae rob ■ - - - - - ~^»- 

deteriarate in rgapect U 



MP TABLE. 



I tha oaceMlty lor Matine, taux a. THr. ths muln 

IhM pnmp csn dellTer. Qeaenll;>peBldiig,tltr>a. , , _. 

toumBChHoiuiberotaato[ratarypnrav»«t&ObiUMYDk.vi 

iliiBUu beaded •■ Wlilth of FMe of Backet" tw& " 13UtBiiwVi«.ii«mOiTSiM 
tmeket 8latt»" sre oddeil for oonTSDtenee tA Iarae(AonViiUftD.<A.ti\B«,4aB tA-v^" 
■bai tlte tnute onaiber !■ omitted or Illegible, u\k otUu tbo «»■ 





4 < 




12 



♦ X 12 

*^4X 1# 
C X 1# 



0.35 






140 
17C 



IJ9 



i9i 
5-52 

5-25 



99 
112 

141 
141 



176 
176 

195 
257 



• X 


12 


»-^3 


5-U 


S»5 


I 257 


7 X 


1# 


1. 00 


>75 


4S1 


345 


7 X 


12 


1.92 


6.90 


»18 


345 


7>^x 


10 


1^5 


6.64 


4$8 


399 


« X 


10 


2.11 


7-59 


a<9 

1 


455 


8 X 


12 


2-53 


9.10 


€8S 


455 


«>ix 


10 


2.39 


S.60 


: «« 


516 


«J^x 


12 
10 


2JS7 


10.52 


1 774 


516 


•>ix 


2.S4 


10.23 . 


< 707 


614 


»>ix 


12 


3-41 


12.27 


> 020 


614 


9^X 


18 


5.H 


1841 


1881 


614 


10 X 


10 
12 


3-33 


12.00 


000 


720 


10 X 


4XX) 


14.39 


1079 


720 


IO>i X 


10 


3.50 


12.61 


046 


757 


12 X 


10 


4.83 


17.38 


iao4 


1043 


12 X 


12 


5-79 


20.86 


1564 


1043 



DISCHARGE 



OF 



SINGLE-CYLINDER STEAM FIRE-PUMPS. 

For a giren size of water-ond. 









Discharge of Pump in U. S. Gaiions per Minute, 


Diameter 


Length of 
Stroke. 


DisplacefflMit 

for 
each single stroke 

of Piston 
(Including allow- 
ance for Rod). 


Including 10% allowance for slip, short-8troke» 

etc. 


of Water 
Piston, 

or 
Plunger. 


Discharge for 
each Bevolntlon, 
or complete mo- 
tion of Pump 
(= S single 
strokes). 


Discharge at 100 
Rerolntlons per 

minute 

(-SOO strokes), or 

highest ordinary 

speed for fire. 


Discharge at 100 

feet per minate 

Piston Speed- 


Inches. 


Inches. 


Gallons. 


Gallons. 


Galls, per mln. 


Qalls. per mln. 


4 > 


( 10 


0.52 


0.94 


94 


56 


5 > 


C 10 
( 10 


0.65 
0.82 


1. 18 
1.47 


118 
147 


71 

88 


5 > 


( 12 


0.98 


1.76 


176 


88 


6 > 


C 12 


1.43 


2.57 


257 


128 


6 > 


C 14 


1.66 


3.00 


800 


128 


7 > 


C 12 


1.92 


3-45 


345 


173 


7 > 


: 16 


2.56 


4.60 


460 


173 


8 > 


: 12 


2.53 


4-55 


455 


228 


8 > 


: 16 


3-37 


6.07 


607 


228 


8 > 


: 18 


379 


6.83 


683 


228 


S}i> 


: 14 


3-34 


6.02 


602 


258 


9 > 


: 18 


4.84 


8.70 


870 


290 


9 y 


: 20 


5-37 


9.67 


• • • • 


290 


9 X 


: 24 


6.45 


11.60 


• • • • 


290 


10 X 


: 16 


5-33 


9.60 


• e • • 


360 


10 X 


: 20 


6.66 


12.00 


• • • • 


360 


10 X 


: 24 


8.00 


14.40 


• • • • 


360 


11 X 


: 22 


8.90 


16.02 


• • • * 


437 


12 X 


: 18 


8.69 


15.64 


• • • • 


521 


12 X 


: 22 


10.62 


19.12 


• • • • 


521 


12 X 


: 24 


11.59 


20.86 


• • ■ • 


521 


14 X 


20 


1312 


23.61 


. • • . 


V -^^^ 


U X 


24 1 


'5-74 


28.33 \ 


\ n^^ 
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TABLE C. 

This is of interest mainly in illustrating what can be done with a 
Igiven hydrant pressure, according to length and kind of hose used. 

Note the difference in effective height and force of jet dependent on 
"whether 500 feet or even 250 feet of hose is used, or whether 50 feet is 
used as in the ordinary practice test. 

Note, also, the inferiority of linen hose for use in long lines, such 
as are called for in connection with yard hydrants. 

Thus suppose that at a given mill there is available a static pressure 
of 80 lbs., and that the hydrant pipes are of such ample size that pressure 
at hydrant will be 70 lbs. when streams are playing. 

We see from table that if i^^-inch nozzles are used the height of the 
"effective fire streams obtainable will be : 

With 50 foot line of 2%-\n. linen hose 73 feet 

(I 250 « « « " a ti 42 « 

«< 500 ** " «* " a H 27 « 

With 50 ft. line of best and smoothest 2 j^-in rubber-lined hose, 81 feet 

M 2CO *' " " *' ^' ** *' " ** 61 '* 

(* rQQ <( « « « « « <* « « Jtf^ ** 

Note how quickly the inferiority of 2-inch hose develops when 
length much exceeds 50 t)r 100 feet. 

Thus : with 250 ft. of 2)^-in, linen, effective height of stream= 56 feet. 
" 250 " " 2.in. " " " " " . 20 " 

Note also the effect which even J^-inch increase in diameter has in 
reducing friction loss in the hose. 

Thus, with 500 feet of smoothest and best rubber-lined hose — 

If diam. be exactly 2)^-in., effective height of stream will be 39 feet 
If diam. be j^th-in. larger, " " " " " " 46 " 

THB££ I]¥€B[ HOS£. 

It will be noted that in Table C values are given for fire hose of 2%, 
inches, and 3 inches internal diameter. Very little hose of these sizes 
has yet got into practical use ; but the writer has for some months been 
urging several of the leading hose-makers to introduce such sizes as mat- 
ters of regular stock. I am pleased to state that the Eureka Fire Hose 
Co. has recently introduced this 3-mch s\xe \tvto Vwo 01 three depart- 



i 



i 
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ments, with very encouraging results. Tliese larg^er sizes are recom- 
mended ' for l>epartmeiit use, ratber than SIlll use, because in 
City Fire Departments very long lines of hose are more frequently used. 
Nevertheless, it is an advantageous size in some cases for Mill Hose 
kept on a reel or jumper, and designed to use in protecting out-lying 
buildings 500 feet away from a hydrant. 

The use of coupling of 23^-inch bore with standard thread is tem- 
porarily recommended on this 2j^-inch and even on the 3-inch hose, 
in order that the interchangeability of all hose in a department, which 
is of the utmost importance, be preserved. The reduction of size in the 
coupling from 3-inch to 23^-inch should not be by a square quarter-inch 
shoulder, but by an easy tapering curve. If the reduction of bore be 
thus made, the loss due the constriction of diameter at couplings once 
in 50 feet will not offset more than one-twentieth part of the gain due 
to the increased size. Ultimately, of course, a standard thread 3-inch 
hose coupling should be provided ; and it is to be earnestly hoped that 
in establishing the 3-inch size, one standard thread for its coupling may 
oe agreed on, which shall be the same throughout the whole country. 

The objection to the half-inch increase in size'of hose is, of course, 
^he extra weight to handle. Experience shows that in laying the empty 
Hose this is hardly noticeable, and it is easy to arrange to have main line 
On ground of the large size, and to attach next the play-pipe a length 
Or two of 2)^-inch lighter un jacketed hose, for use on ladders. 

A moment's study of the figures in Table C, for the lines of hose 500 
feet and 800 feet long, gives sufficient argument for a trial of these larger 
sizes; and the statement I ventured that 3-inch will, before many years, 
be the standard size for City Fire Departments. 
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THE BEST KIND OF FIRE HOSE. 

We are often asked to name the best kind of fire hose for the pro- 
tection of mills. The needs are somewhat different from those of city 
fire departments. 

We consider that for attacluneiit to standpipes in stair tovrera 
or inside tlie mill a tlioronglkly- good unlined linen bose is the 
best, providing the location is fairly dry, and for small hose inside the 
rooms i^ood unlined linen is the best. 

It is the best by reason of its superior lightness, compactness, and 
convenience for quick use by but a single man, and because there is 
little or no chance of its becoming stuck together by the ordinarv* heat 
of the rooms ; moreover such inside hose need never be used except in 
case of actual fire ; and linen hose, if kept dry, will retain its good quality 
unimpaired for many years. 

For outside nse, or for connection to yard bydrantSy rubber- 
lined cotton bose is very mucb tbe best kind. 

I St. Because it will not become cut and injured by chafing when 
lying over sharp corners or sharp gravel, nearly so easily as linen docs 
when subject to the slight vibration due pulsations of fire pump. 

2d. There is very much less loss of pressure by friction in well 
made rubber-lined hose than in linen (see page 6), and this makes a 
serious difference in jet where length is more than 200 feet. 

3d. Rubber-lined bose is best for use in tbe fortnif^btly m* 

n&ontbly pump trials; for whereas linen hose is injured more or less 

each time it is wet, the durability of rubber-lined hose is improved, ii 

anything, by occasionally running a stream of water through it, providing 

it is well dried afterward. 

For inside bose in I>ye IVorks, Print liVorlKS, or fiMtoriei 
ifrbere air is very damp, rubber-lined cotton bose -will g^enerally 
prove more durable and satisfactory tban linen bose. 

Linen possesses the property of absorbing moisture from the air to 
a greater extent than is generally appreciated. Thus, in course of our 
investigations, the following experiment was made : Four representative 
samples of linen hose were carefully dried in gentle heat and then 
weighed. After exposing them to the air during three days of ordinary 
weather, the weight increased on an average 2^ per cent. Then after 
being dried they were exposed to the outside air, but under shelter, 
during twenty-four hours of rainy weather, and on weighing again were 
found to have absorbed 4^^ per cent, of water, or at the rate of i pint of 
water to 100 feet of hose. This absorption of moisture, though perhaps 
no greater than possessed by many other fibrous materials, indicates that 
iinen bose ouffbt to be stored or bung only in well ventilated 
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places. Linen hose hung in closed boxes or small closets in stairways 
of some cotton mills where air is kept very damp, may become mildewed 
and worthless after a very few years. In extreme cases, a light-weight 
solid rubber hose may prove best suited to withstand wetness or occa- 
sional spattering by corrosive chemicals. 

THE BEST SIZE OF HOSE. 

For yard use, iioUitnff smaller tlian 9 l-9-ii&cl& diameter 
sli.oii.ld be used. 

rriie loss of pressure is three times as g^eat in Sl-inclk hose as 
in a l-a-inch, and the loss of pressure in 2)>^-inch hose is 70 per 
cent, greater than in 2)^-inch. Where a line of only 50 feet in length is 
used, the effect of this hose friction may perhaps not amount to much, 
but for longer lines is serious. (See page 44 and Tabic C). 

Mills using 2)^-inch hose (confined almost solely to parts of Lowell 
and Lawrence) are urged to refit all hydrants and hose with bushings 
(permanently pinned or soldered in place) which fit the standard 2)^-inch 
city* fire department thread, and then, whenever new hose is procured, 
buy full size 23^-inch hose. 

for small hose used in Card rooms, Picker-rooms or elsewhere, and 
fed from the sprinkler pipes or otherwise, i^^-inch is favorite size ; this- 
should have smooth nozzle of about ^^inch diameter or %-inch diameter 
without any stop-cock in nozzle. This will discharge about the same 
quantity of water as one sprinkler head ; and small hose of this size, but 
not larger, may be connected directly to the pipes of the sprinkler 
system. 

The Best Kind of Rubber-Lined Hose for Mill Fire Protection,. 

There are ten or more makers of rubber-lined cotton hose in the 
U. S., and each one stoutly maintains that his goods are greatly superior 
to those of all competitors. 

The writer has formed his own opinion of the merits of various 

kinds slowly and with much care, and presents the following as his 
Individual opinions, subject to revision as new faets appear*- 

"KNIT HOSE," SO CALLED, VERSUS "WOVEN HOSE." 

The writer believes that either of these two methods of arranging^ 
the threads in the cotton fabric is good enough for most practical pur- 
poses, but considers that the woven fabric is on the whole slightly 
superior. It withstands abrasion a little better. The knit hose is how- 
ever rather more pliable and elongates only about half or two-thirds 
as much as the woven fabric. 
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The talk of knit-hose salesmen, that woven hose contracts so much 
on shutting off pressure as to sometimes pull over the fire-ladders, is 
mainly pure nonsense, and the same may be said of the talk of the 
" Balanced-Woven " salesmen, that ordinary woven hose will sometimes 
twist enough on admitting pressure to unscrew the couplings. 

For mill yard use a rubber-lined bose of ntedinm -vireight i* 
preferable to tbe beavyjacketted bose adapted for City Fire De- 
partments. It does not have to withstand injury from horses' hoofs and 
wagon wheels, is lighter to handle, less liable to mildew, and costing but 
two-thirds as much can be more cheerfully replaced with new when it 
begins to get old. 

The lightest grades in the market known generally as '*mill hose" 
are too light for the best service in mills. 

From fpeneral experience it appears tbat tbe average life of 
rubber bose is from 5 to lO years. It is well to mark all hose with 
year of purchase, with asphaltum, by figures 2%^ inches high, with lines 
% inch broad; ordinary marking fluid wears off too quickly. Solid 
rubber bose is less durable tban rubber^lined bose. Among the 
various samples of hose tested at Lawrence, the sample of Rubber-Lined 
Cotton Hose" of weight best adapted for mill fire protection which made 
the best showing was the O. K." Brand of tbe Boston TFoven Bote 
Co. This was the brand from which the smoothest cast shown in 
photograph on page 7 was taken. This hose is made with special care 
to meet the Factory Mutual requirements, and up to date this Iwand 
is given the preference.* 

Now, that attention has been so plainly called to the im]>ortance <rf 
a smooth waterway, it is expected that certain other makers will have 
brands of hose specially adapted to meet the requirements of mill fire 
protection on the market, at an early day. 

riIl!V£I¥ HOS£. 

« 

A large part of tbe linen bose now offered for sale is univorUiJ 
a place in any flrst-class mill. 

It is made to be sold cheap, and sometimes sold with the statement 
that it is " good enough to hang up for the Insurance Inspectors." 

Such hose can be furnished for 10 cents per foot exclusive of coup- 
lings, and is finished to look very well. To be furnished at any such 
price it must be woven from tow or from very low grade flax. Hose 
woven from the best of linen and in the best manner costs about three 
and one-half times the amount stated above. 

* Within the past few months another and cheaper make of hose marked ** O. K«" 
has been presented to the attention of parties enquiring for " O. K. Hose." Samples 
of this which were shown the writer were a very light weight of knit hose, and of » 

grade beJow that which he recommends. Therefore the " O. K. Hose of the Bostoo 

Woven Hose Co." is particularly specified. 
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BeDrare o^ << OrpluuA Brands" of hose^ or hose on which the 
maker does not place his name, but only marks it " Trade Linen, " 
" Extra," etc., etc. 

During the past winter the writer has made careful tests of about 30 
different specimens of linen fire hose, including hose from each Amer- 
ican manufacturer, and several imported samples. 

Among the various samples of linen hose tested, the Rob Roy 
l&ose, made by McGregor & Co., of Dundee, Scotland, has up to date 
proved tightest, and at date this, so far as we are informed, is the only 
brand sold under a specific guaranty as to tightness and proper quality 
of stock. Therefore at the present writing we give this brand the prefer- 
ence. But in case it should be found tbat tbis Rob Roy- brand, 
or tbe O. K« brand mentioned aboire, are not maintained strictly 
up to gpradcy tbis appro-val 'will of course be 'vritbdrai^rn* 

The Eureka Hose Co., of New York, has been giving much atten- 
tion to this matter, and has presented some very goyd samples. Their 
process of circular weaving has been proved by our experiments to give 
much additional strength ; and we are led to expect that they will soon 
have on the market a thoroughly satisfactory hose. It is also expected 
that Mr. G. A. Eberle and Ross, Turner & Co. will soon be ready to 
furnish hose in accordance with the specifications below. 

In testing the various samples of hose, as mentioned above, tbe 
defect most often developed in linen bose -was excessive leakage* 

liirbetber linen bose contains tbe seeds of decay, due to its 
yarn not bavinflf been properly cleansed, takes time to determine ^ 
and must rest mainly upon the guarantee of an honorable and responsi- 
ble manufacturer. 

To secure the use of a suitable quality of linen hose in our mills, 
the only course appeared to be to ur§fe mills to buy tbeir bose 
direct from tbe manufacturer, and for us to select several reliable 
makers, and induce them to manufacture hose for our members in 
accordance with certain specifications. 

The following were therefore submitted ; and at date the Boston 
Woven Hose Co. furnishes a brand of hose, the Rob Roy, men~ 
tioned above, which is guaranteed to meet them : — 

SPECIFICATIONS FOR LINEN FIRE-HOSE. 
TRAD K-M AUK. 

Item i. Each piece of hose to have a distinct and conspicuous trade* 

marlc, consisting of colored warp threads woven into the fabric of the hose. 

Item a. The najne of tbe manufltcturer, together with the year or 
manufacture , to be stencilled upon each and every piece of this hose once in each 
1$ ittt 4A length, with black letters at least I^^ inches in height. 

TcsTina. 

Item. 3. Each web of hose to be numbered AeriaVVy ^a \\. catcw«& Vx^tsv "^^ 
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loom, and this number to be also stencilled on eaeb SO-foot seetion of the 
hose ; and each of these hose manufacturers to agree to maintain an app*" 
rains for testing the bursting strength and amount of sweating of hose ooder a 
pressure of 75 pounds, and to agree to test a sample at least three feet in length, 
taken from each vreb as it comes from the loom ; this three-foot sample to be cat 
preferably not from the end, but taken from some intermediate point when cutting the 
web up into 50-foot sections. A record is to be kept of these tests. 

BURSTING STRENGTH. 

Item 4. The maker to guarantee : First, that hose bearing his name and trad^ 
mark shall not, on delivery, burst at a water pressure less than 400 ponnds per 
square incli $ hose to be wet under pressure for from 10 to 20 minutes before 
bursting. 

LEAKAGE. 

Second, that after having been wet under a pump or hydrant pressure of 75 pounds 
and thoroughly dried, that then, on being subjected a second time to a 
•wHter pressure of 75 pounds, tbe total leakage during tbe first 
niinute sball not exceed one-sixtli of a gallon per foot in length, 
and that upon this second trial, after the hose has been wet for five minutes, tbe total 
leakage during tbe next five minutes sball not exceed. .Ol galloB 
per foot in lengtb $ the water-pressure meanwhile being 75 lbs. per square inch. 

QUALITY OF FLAX AND CLEANSING OF FIBRE. 

Item 5. The manufacturer of the hose to guarantee that the jram from which the 
hose is woven has been procured from a first-class and responsible manufacturert whose 
name is given under ^ written guaranty that it was spun itouk first quality 
line, and that it has been cleansed by boiling in soda-asb. solntloM 
of a strength obtained by using a weight of soda equal to at least one-tenth ol the 
weight of the yarn, for at least three hours; then jNToperly washed in dean water, and 
then boiled again, in a similar alkaline solution, for two hours more. 

It may in future be found advisable to slightly modify the above figures limiting 
the sweating and alkali boiling, and to add an item requiring antiseptic treatment. 

A competition in excellence, rather than in price, may result in 
attaining, in regular practice, a quality considerably in advance of that 
called for in the foregoing specifications. 

RrBBER-I«IXX:i> HiIlVXIN HOSE. 

This is not recommended for mill use. Although it is often claimed 
that the sulphur in the rubber injures the strength of the linen, the 
writer has not seen proof of this which can be regarded as conclusive, 
and the reason for not recommending it is that for linin g with 
rubber, linen presents no advantage to comp ens a to fdr its 
increased cost. 

It is practicable to make ph\i linen hose tight enough without a 
rubber lining. 

The advantage of flax over cotton for fire hose comes from its fibres 
swelling when wet, and thus making hose tight ; with a rubber-lined 
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hose, the necessity for this swelling of fibres is removed. Tlie main 
•«lv«Jataffe of linen liose over rubber-lined l&ose for inside protec- 
tion comes from the fact that unlined linen bose eonld probably be 
st:orecl in a dry, ivell ventilated apartment, for tvirenty years or 
siiM>re, without much deterioration. Rubber fabric, on the other hand, 
'Will, five times out of ten, lose its pliability or strength inside of ten 
years, and sometimes inside of five years, and therefore l»y adding tbe 
t;lie rubber lining^ we sborten tbe life of tbe linen bose. 

There may be some few situations where even slight leakage would 
cause great damage, for which rubber-lined linen hose may be best 
adapted as furnishing a perfectly tight hose of very light weight ; but 
it should receive carefkil examination after it gets flve years old, 
stud be thrown away as soon as showing signs of failure. 

liEATHSR hose:. 

At the present day this is not considered nearly so good as rubber- 
lined cotton, for the protection of a mill. It costs a little more than 
twice as much as the grade of hose recommended above, and interest 
on the capital invested in the leather hose would therefore renew this 
Icind of rubber-lined hose, or the best of linen hose, once in every dozen 
years. Leather hose is stiff and unwieldy, and apt to be leaky ; but 
if honestly made from the best of stock, and properly cared for, it will 
in the fire department of a country village probably endure more years 
of service than any other kind of hose. 

We find some of this old leather hose still in commission at some of our older mills. 
As illustrating that it is liable to be worthless, we may cite an experience of our former 
associate, Mr. Wm. F. Sherman, who, on leaving us to take the management of the 
Atlantic Mills, found some leather hose on hand which looked bright and serviceable. 
Guided by previous experience, Mr. Sherman connected it all in one long line to a 
hydrant, and found that seven out of the ten lengths burst under the city reservoir 
pressure of 70 lbs. 

Any leatber bose no-vr' remaining in use is old enongb to 
Justify a most rigid inspection. 

HOSE COUPLINGS. 

Some dealers in fire apparatus, when a cheap article is called for, 
make use of the old-fashioned shank couplings, and wire them on. 
These not only obstruct "vratervray unnecessarily, but are liable 
to blow o<r at a critical n&oment, and they ought not to be used. 

Ifotlilng but a flrst-dass expanded-ring coupling sbould be 
.used* — and these should be put on solely by conscientious workmen 
experienced in this particular line of work, and having the best of tools ; 
otherwise they may blow off under fire pressure. This is another 
reason why it is safest to order fire hose all coupled direct from the 
factory, rather than through a supply house. 
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Nearly all hose manufacturers furnish couplings which are entirely 
satisfactory. 

Should any one desire an extra strong coupling, it may be remarked 
that the strongest coupling thus far tested appeared to be the " Morse 
Coupling " (not to be confused with the lighter " Ne Plus " of the same 
maker, which, however, appears to be a good average coupling), made 
and applied by A. J. Morse & Son, 140 Congress Street, Boston. 

In the course of the linen hose tests, some fifty of these were tested 
up to pressures of 400 to 700 lbs. per square inch, and none ble^ off or 
leaked ; and in the hose tests made by this office about eight years ago, 
some couplings of this kind were tested on 23^-inch hose to 1,000 lbs. 
pressure per square inch, without showing any signs of failure. 

SPA]¥]VX:rs. — The writer is prompted to add a word about 
spanners, from having seen so much fumbling by mill firemen in coup- 
ling up hose with the ordinary old-style spanner, which is likely to be 
applied in the wrong direction. 

TKe Taber Spanner is reconimended. This is sold by nearly all 
dealers, and cannot be put on wrong. Its cost — list $6.00 per dozen 
— does not very materially exceed that of the ordinary spanner. 

There are also several other good patent spanners in the market. 



The foregoing has been prepared in its present form in order to 
have the matter in shape for convenient reference during the pump 
tests of 1889. 

The writer hopes to next winter find time to add some more notes 
on pumps, some tables on friction loss in pipes, notes on the laying out 
of hydrant systems, and also to bring the hose question up to that date, 
as we expect that there will then be other names to add to the list of 
makers of satisfactory goods. 

There are also several devices in process of construction, such as 
valve-opening indicators, nozzle rests, and an improved Siamese play- 
pipe ; of which it is hoped that the merit may by that time have been 
tested by practical experience. 

This whole pamphlet may perhaps then, if the conference so elects, 
be published in the form of a special report. 

The writer mentions this lest some of the members of the corps 
may think that he has been too eager to tell them facts which they 
already know. 

RespectiEully submitted. 

JOHN R. FREEMAN, 

Hydraulic Engineer amd Inspector, \ 
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Lbs. 


per 
Sq. in. 


Head. 
2,31 


per 
Sq. in. 

41 


Head. 


per 
Sq.in. 

81 


Head. 


per 
8q, in. 

121 


1 


94.07 


187.02 


2 


4.62 


42 


96.98 


82 


189.33 


122 


3 


6.93 


43 


99.28 


83 


191.64 


123 


4 


9.24 


44 


101.69 


84 


193.95 


124 


5 


11.64 


45 


103.90 


85 


196.26 


125 


6 


13.85 


46 


106.21 


86 


198.57 


126 


7 


16.16 


47 


108.52 


87 


200.88 


127 


8 


18.47 


48 


110.83 


88 


203.19 


128 


9 


20.78 


49 


113.14 


89 


205.50 


129 


10 


23.09 


50 


115.45 


90 


207.81 


130 



Feet 
Head. 



279.38 
281.69 
284.00 
286.31 
288.62 

290.93 
293.24 
295.55 
297.85 
300.16 



11 


25.40 


51 


117.76 


91 


210.11 


131 


12 


27.71 


52 


120.07 


92 


212.42 


132 


13 


30.02 


53 


122.37 


93 


214.73 


133 


14 


32.33 


54 


124.68 


94 


217.04 


134 


15 


34.63 


55 


126.99 


95 


219.35 


135 


16 


36.94 


56 


129.30 


96 


221.66 


136 


17 


39.25 


57 


131.61 


97 


223.97 


137 


18 


41.56 


58 


133.92 


98 


226.28 


138 


19 


43.87 


59 


136.23 


99 


228.59 


139 


20 


46.18 


60 


138.54 


100 


230.90 


140 



802.47 
304.78 
307.09 
309.40 
311.71 

31402 
316.33 
318.64 
320.94 
323.25 



21 


48.49 


61 


140.85 


101 


233.20 


150 


22 


50.80 


62 


143.15 


102 


235.51 


160 


23 


53.11 


63 


145.46 


103 


237.82 


170 


24 


55.41 


64 


147.77 


104 


240.13 


180 


25 


57.72 


65 


150.08 


105 


242.44 


190 


26 


60.03 


66 


152.39 


106 


244.75 


200 


27 


62.84 


67 


154.70 


107 


247.06 


225 


28 


64.65 


68 


157.01 


108 


249.37 


250 


29 


66.96 


69 


159.82 


109 


251.68 


275 


30 


69.27 


70 


161.63 


110 


253.98 


300 



346.34 
369.43 
392.52 
415.61 
438.70 

461.79 
519.51 
577.24 
634.96 
692.69 



31 
32 
33 
34 
35 

36 
37 
38 
39 
40 



71.58 


71 


163.94 


111 


256.29 


73.89 


72 


106.24 


112 


258.60 


76.20 


73 


108.55 


113 


260.91 


78.50 


74 


170.86 


114 


263.22 


80.81 


75 


173.17 


115 


265.53 


83.12 


76 


175.48 


116 


267.84 


85.43 


77 


177.79 


117 


270.15 


87.74 


78 


180.10 


118 


272.46 


90.05 


79 


182.41 


119 


274.77 


92.36 


80 


184.72 


120 


277.07 



325 
350 
375 
400 



750.41 
808.13 
865.86 
923.58 



500.1154.48 

6001385.37 
700!lG16.27 
8001847.16 
900 2078.06 
1000'2308.95 



difference in specific gravity between ordinary river water and distilled water ii i 
practically inappreciable. In other words, a head ot lOViO l«i^^ ol <iT<i:vNax^^«« ^ 
England river-water would give a pressure not moT© t)Qa». ,Q*i W». v^«J«x NJoa^^ 
for a column of diatilled water 1000 feet Mgh. 
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Gallons contained in 100 feet in length of Pipe. 


Djam. 


Gaits. 


Diam. 


Gails. 


Diam. 


Ga!ls. 


Diam. 


Galls. 


Diam. 

1 
20 in. ! 


C 


>'( '"• 


2.30 


2 ill. 


16.32 


4 in. 


65-3 


^ in. 


261.1 


1 


I " 


4.0s 


2^i " 


25.50 


5 " : 
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408.1 
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6.38 
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36.73 


6 '• 
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12 " i 
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30 " , 
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' 9.18 


3)-i " 
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199.9 


16 " ] 


10445 
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ANKS, AND CISTERNS, 

2K31 cubic inches.) 



Capacity of Cylindrical Tanks and Cisterns. — Continued. 



am. 


Depth 


Depth 


Depth 


Depth 


Depth Depth 


Depth 


Depth Depth 


In. 


1ft. 


4 ft. 


5 ft. 


6 ft. 


7 ft. 8 ft. 


9 ft. 


12 ft. 
7050 


15 ft. 


^.... 


587.5 


2350 


2938 


3525 


41 13 4700 


5288 


8813 


3 


617-3 


2469 


3086 


3704 


4321 


4938 


5555 


7407; 9259 


6 


647.7 


2591 


3239 


3886 


4534 


5182 


5830 7773J 9716 


9 


679.0 


2716 
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3555 
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4265 


4753 5432 
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6111 
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8531 10664 


^ • • • • 
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6398 


3 


743-6 
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3718 


4462 


5205 5949 
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6 
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9324 1 1655 


9 
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4230 


4S67 
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5922 6768 


7300 9734 
7614 10152 


12167 


2.... 


5076 


12691 


6 
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3672 


4590 


5508 


6426 7344 


8262 11016 13770 


a.... 


992.9 


3972 


4965 


5957 


6950 


7943 


8936 11915 14894 




1070.8 


4283 
4606 


5354 
5758 


6425 


7495 
8061 


8566 


9637 


12849 1 606 1 
13819I 17273 


%.... 


1151.5 


6909 


9212 


10364 




1235-3 


4941 


6176 


7412 


8647 


9882 


11117 J4823! 18529 


3.... 


1321.9 


5288 


6610 
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9253 


10575 
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B... 


1 504. 1 


6016 


7520 


9024 
10188 


10528 12032 


13537 


18049 


22561 


^.... 


1697.9 


6792 


8490 


1 1886 13583 


15281 


20375 


25469 


8.... 


1903.6 


7614 


9518 


11421 


13325 


15228 


17132 


22843 


28553 


9... 


2120.9 
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6.... 
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«.. 
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2... 
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i7273o'2oi5i9'230307 


259096 


345461 


431826 



snbic foot contains 7^/^ ^llons nearly, or 7.48052 gallons exactly. 

3abic foot of pare water, at a temperature of 60 degrees Fahrenheit, weighs 62.366 lbs. 

U.S. gallon of pure water, at a temperature of 60 degrees Fahrenheit, weighs 8.331 lbs. 

tO.OvgalloDS of water weigh one ton of 2000 lbs. 

•00 gallons of water weigh 4.165 tons, or 4L% tons approximately. 

le amount of water required to fill an ordinary automatic sprinkler system is about 1 

fallen per sprinkler. This includes riser and all distribution pipes within the mill, 
ut does not include ground mains from pump or city suppW to base of riser. This 
figure (1 gall, per head) applies specially to systems piped irom centre, with 75 to 
115 heads on each floor, if system of 1 15 heads is fed from end Instead of centre, 
contents will be about I14 gallons per head. For lar^e systems, with 6-inch 
riser and about 250 heads i>er floor, contents, if riser is m centre, will be about 
1^ gallons per head, and if riser is at one end, will be 1% gallons per head. 
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